Past research has shown that transportation system improvements can affect economic growth and productivity by changing access to markets and connectivity to intermodal terminals. However, most past research has adopted singular measures of market access and business productivity. This paper demonstrates how various transportation projects can have larger or smaller impacts on business concentration and productivity, by affecting different aspects of market access in areas with different business mix. It demonstrates these relationships through a two step process. First, it defines seven types of access/connectivity measures, including access to labor markets, truck delivery markets and intermodal terminals. It then develops econometric models of the relationship between access/connectivity characteristics of local areas and relative levels of business productivity, job concentration and export base. These relationships are estimated using simultaneous, non-linear equations that allow access threshold effects to be recognized, and for different relationships to apply among 54 industry sectors. The results confirm that different types of access are relevant to different industry sectors. As a consequence, the productivity and agglomeration of a given industry in a given area can be related to more than one dimension of accessibility. These results can have important implications for estimating the wider economic benefits of transportation investment, for they suggest the need to consider both industry detail and forms of accessibility in order to accurately calculate the relative impact of specific project proposals.
INTRODUCTION 1
Background: Policy Implications of Access, Connectivity and Economic Development. 2 The relationship of market access and connectivity to local economic growth is an 3 important research topic for two reasons: (1) many transportation system expansion or 4 improvement projects are justified in part on their ability to enhance this relationship, and (2) 5 treatment of access and connectivity in transportation benefit assessment is very inconsistent; 6 these factors are usually ignored but occasionally given very high value. Past research studies 7 have provided empirical evidence of a positive relationship between enhancing transportation 8 access and increasing business productivity, but their results have also indicated some variation 9 in the magnitude of relationship. This paper helps to explain why productivity impacts appear to 10 vary, for it shows how different forms of access can affect the productivity and local 11 concentration of different industries. 12
In basic economic theory, essentially all economic activities are seen as depending on 13 access to workers, input materials and customers. Consequently, it is not surprising that the 14 economic development literature is replete with surveys finding that workforce and customer 15 "market access" are both among the most important factors in business location and expansion 16 decisions (1), (2). Business location magazines (e.g., Site Location, Area Development and 17
Business Facilities) reinforce this point via advertising by regional agencies that frequently 18 feature market access as a prominent element of their sales pitch to attract business. The 19 implication is that having access to broad labor and customer markets makes a location more 20 attractive by providing productivity or profitability benefits that are in addition to having 21 attractive unit costs for workforce and facilities operations. 22
Legislators, governmental leaders and planners also frequently cite economic growth as a 23 motivation and justification for major transportation investments, based on the potential for 24 many forms of transportation (including highway, transit, rail, airport marine port and 25 intermodal) investments to enhance the connection between intercity business markets or expand 26 local labor and delivery markets. And indeed, a recent study of the US Strategic Highway 27
Research Program developed case studies of 100 major highway and highway/rail intermodal 28 projects and classified the motivations for those projects. It found that 59% of the projects had 29 been motivated by a desire for some form of access improvement, including 30% citing labor 30 market access, 32% citing truck delivery market access, and over 35% citing highway access to 31 an intermodal terminal such as an airport, rail terminal, or marine port (3). 32 33
Analysis of Wider Economic Benefits 34
In program evaluation and project appraisal, recognition that transportation investments 35 can benefit non-travelers is not new. In the US, there has been a continuing series of highway 36 project evaluation studies dating back to 1991 that have recognized and incorporated some form 37 of business attraction or productivity benefit attributed to market access and connectivity 38 improvement (4), (5), (6), (7), and more recently this has extended to public transportation 39 benefit studies (8), (9). In the UK, market access benefits have been recognized in a series of 40 studies of urban agglomeration and productivity, and the effects of transportation access on 41 effective labor market density (10), (11). 42 Clearly, then, there is both public perception and analytic recognition that transportation 43 impacts on an area's access characteristics can affect productivity and economic growth. That 44 makes it particularly important for both researchers and planners to better understand the 45 dimensions of transportation access and the extent to they can actually affect economic 1 productivity and growth. 2 3
Objectives of this Paper 4 This paper seeks to clarify the relationship of access and economic development in two ways. 5
First, it examines past research to better define the elements of access and ways in which they 6 can affect a local or regional economy. Second, it describes the specification and results of a set 7 of statistical models that relate access and connectivity characteristics of 3,141 locations across 8 the US with their observed patterns of business output, employment concentration and 9 productivity. 10
The statistical model incorporates two key features that provide new insights into the 11 relationship between agglomeration and economic performance. First, the model estimates 12 relationships for 54 distinct NAICS sectors, thereby providing greater industry detail than 13 previous work. This is important because changes in the relative concentration of industries 14 necessarily leads to economy-wide productivity changes. If a worker leaves a low-productivity 15 sector and joins a high-productivity sector, regional productivity has by definition increased, 16 even though no additional investment may have taken place. Therefore, statistical work at more 17 aggregated industry levels might reveal relationships between access and productivity that are, in 18 reality, shifts between sectors, rather than productivity growth within sectors. The work 19 presented in this paper controls for this effect to a greater degree than previous work. 20
Second, economic performance is estimated using a wide range of access and effective 21 density measures. While much previous work has looked at the effect of local agglomeration 22 measures (citation), many industry sectors explicitly depend on broader or more targeted types of 23 access. Therefore, the measures described below capture local, regional, multi-modal, 24 international gateway measures of access and connectivity. 25 26
DEFINITION OF TERMS.

27
It is useful to establish a common understanding of how (a) transportation access, (b) 28 connectivity and (c) economic productivity are defined, before discussing the nature of their 29 behavioral relationship. Definitions of those terms, as used in this paper, are as follows. 30 "Market Access," in the context of transportation planning, refers the ability of 31 transportation facilities and services to provide households and businesses with access to 32 opportunities that they desire. In the economic development literature, businesses desire access 33 to three basic kinds of markets: 34  labor market: the workforce with required skills that a business can draw from to obtain 35 its employees, 36
 input material market: the sources of specialized materials that a business can acquire 37 (or specialized services that it can use) to produce its output, and 38  customer market: the buyers whose specific needs can be reasonably and competitively 39 served by a business. (This can include shoppers, tourists or freight delivery recipients.) 40
From the viewpoint of households (rather than businesses), transportation can 41 alternatively be viewed as providing worker access to employment and shopping opportunities 42 that match to their skills and needs. Transportation investments can potentially expand any of 43 these forms of market access. Market access is often measured through the concept of "effective 44 density," which refers to the magnitude of surrounding market opportunities (e..g., workers to be 45 utilized or customers to be served) from a specific location. This is in contrast to the traditional 46 concept of "spatial density," which refers to the number of market opportunities that exist within 1 a specific spatial area. 2 "Connectivity", in the context of transportation planning, refers to the ease, time or cost 3 of traveling between different transportation route systems or modal systems. The most common 4 use is in terms of connectivity of local roads to specific multi-modal access points, such as: (a) 5 ramps onto the interstate highway system, (b) local public transit stations, (c) railroad terminals, 6 (d) airports, (e) marine ports, (f) international gateway terminals or (g) border crossings. One 7 could similarly define measures of the connectivity of feeder transit, rail or air services to long-8 haul or high speed lines. 9
In a strict language sense, "connectivity" represents a form of "access" that is between 10 two systems. However, in practice it is useful to distinguish market access and connectivity. 11
Whereas "market access" refers to a surrounding area or region comprising the market, 12 connectivity commonly refers to characteristics of the link to terminals or interchanges. Both 13 can enhance productivity, and intermodal transportation connectivity improvements also tend to 14 extend the range of workers, materials and/or customers that are accessible to a business. for existing travelers, the facility enables new trip-making activity. These new trips reflect new 44 economic activity between the two regions -which were previously functionally separate. 45 Capturing benefits simply as travel cost savings would yield only small benefits because prior 46 trip-making activity across the river has been limited by the lack of a nearby bridge. Moreover, 1 measuring benefits in this manner misses the point of the investment, which is to enable new 2 economic linkages. With the new bridge investment, affected areas may become more 3 productive for business activity as they gain access to broader consumer markets for their goods, 4 an expanded pool of suppliers and potential business partners, and a new pool of potential 5 employees. Area households may similarly gain as they find access to new goods and services 6 as well as a greater variety of potential jobs. In all cases, the expanded market scope provides 7 the opportunity for new economic connections and net productivity growth. 8 9
PAST RESEARCH 10 Agglomeration and Effective Density 11
The relationship between market scale and economic productivity goes back nearly a 12 century to Marshall (12). However, it was the Nobel prize winning work of Krugman (13) that 13 showed that, with imperfect competition, regions naturally develop differentiated industry mixes 14 that reflect "agglomeration economies." The agglomeration is reflected in a disproportionately 15 large concentration (or cluster) of some activities. It is typically enabled by access to larger 16 markets, which in turn brings demand for greater product variety, and enables firms to realize 17 increasing returns to scale. This effect can reflect not only production scale economies 18 (spreading fixed cost over a wider base to reduce unit cost), but also further operating economies 19 associated with greater access to differentiated inputs (i.e., cost and quality benefits associated 20 with greater ability to acquire specialized labor and materials) and potential knowledge spillovers 21
(technology enhancement associated with clustering). The effect is driven by inter-industry 22 linkages which create demand for specialized suppliers that varies by industry (14). 23
Ultimately, a variety of behavioral mechanisms (including enhancement of specialized 24 product/service sharing, specialized input requirement matching and specialized knowledge 25 spillovers) can enable business clusters or agglomerations to serve this demand for specialized 26
inputs. The result --greater worker productivity in larger and more diverse markets that drive 27 industry clustering --is ultimately reflected in higher worker income. 28
An approach for empirical measurement of industry response elasticities was laid out in a 29 1998 paper which showed how local productivity for various industries varied by accessibility as 30 measured by inter-regional trade flows (15). A 2001 NCHRP study measured productivity 31 impacts of reducing urban traffic congestion based on the relationship of productivity to travel 32 times for commuting trips and truck deliveries (16) The range of access and connectivity elements being studied is consistent with the overarching 7 view that economic benefits of transportation enhancement emanate from a combination of (a) 8 cost, (b) quality and (c) scale effects that all have economic value (32), (33). 9 10 EMPIRICAL ANLYSIS: DATASET DEFINITION 11
Past research studies indicate that business clusters and the associated benefits of 12 agglomeration emerge out of interactions across a number of important access elements relating 13 to different business functions (including labor markets, industry product delivery markets, and 14 connectivity to modal facilities). And the roles of these access elements vary widely by industry. 15
To estimate the nature of these effects for both urban and rural regions, the authors developed a 16 database of economic and location access measures for county locations across the US. The 17 dataset features are described in terms of (a) spatial unit of measurement, (b for average commute time in the US, and roughly corresponds to the typical characteristics of 38 BEA-defined labor market areas. (Note that this market potential measure may be totally within 39 a county, but more often extends beyond its borders.) Expanding the size of the labor force 40 accessible within that market area can reflect agglomeration factors that increase labor skill 41 matching, final good (consumer market) matching, and knowledge spillovers. In the statistical 42 model described below, local market access is differenced with county population to eliminate 43 any structural relationship between the two variables. 44
 Regional Delivery Market -The total employment located within a 3 hour drive time 45 was selected as a proxy for the scale of "regional" business activity occurring within a same-day 46 delivery area. The 3-hour threshold was chosen to represent the effective limit within which a 1 business can make same-day outbound and inbound deliveries, with allowance for a delay buffer 2 and load/unload time. The magnitude of business activity occurring within that area can reflect 3 opportunities for enhanced product matching, inter-industry complementarity and supply chain 4 integration consequences of industry supplier/delivery markets. In the statistical model, regional 5 delivery market is differenced with access to population within 40 minutes. Although the 6 underlying access measures are different for these two variables (population and total 7 employment), differencing the variables in the statistical model reduces the structural 8 relationship between them. 9  Access to a domestic airport -this serves as a proxy for inter-regional connectivity, 10 which is an important component of innovation networks, knowledge spillovers, and high-value 11 supply chains. It is measured as average ground access time to the nearest commercial airport 12 with scheduled air carrier operations, weighted by the scale of airport activity (air carrier takeoffs 13 + landings). In many cases, that airport is located outside the county border. 14  Access to an intermodal rail facility -many manufacturing sectors are highly 15 dependent on rail shipping, both for production inputs and output. The two (local and regional) market access measures are defined on basis of travel time 32
boundaries. This differs from some past studies that have defined market access by gravity 33 models -i.e., as the sum of surrounding population or employment weighted by a selected time 34 or distance decay function (which may be linear or exponential). In this case the boundary-based 35 calculation was selected to better reflect the threshold (drop-off) effects found in past research on 36 ranges of commuting times for skilled labor, limits of labor markets and just-in-time delivery 37 practices (17, 19). However, a less acute boundary might be preferred for future studies as it 38 could be less susceptible to random disparities causing large market access changes to be 39 calculated from small travel time shifts. 40 Table 1 shows the correlation among these seven access and connectivity metrics for the 41 3,131 locations studied. Not surprisingly, it shows that proximity to larger airports is correlated 42 with larger urban markets, while intermodal road/rail container terminals tend to be located away 43 from the most dense urban areas. However, even the highest correlations are on the order of 0.4 44 to 0.6, which are sufficiently low to not be problematic in multiple regressions. The effect of increasing market access and intermodal connectivity can lead to 7 agglomeration effects with a wide variety of economic consequences, which may be reflected in 8 local changes in of business output, productivity, worker income, labor force participation, 9
household location choice, land development and/or import/export activity. From the standpoint 10 of national macroeconomic growth, many of these local effects may be dismissed as inter-11 regional "shuffling." And yet, at the local level, this "shuffling" is tremendously important for 12 two reasons. First, it can make the affected local area more competitive for business attraction. 13 Even where this business attraction does not increase productivity within an industry, it can shift 14 the mix of industrial activity away from low-productivity sectors to high-productivity sectors. 15
Second, there is reason to believe that industry dynamics and productivity growth are, in fact, 16 two outcomes of a single underlying process of economic transformation (20). That is, 17 productivity gains are achieved through changes in industry and employment mix. Therefore, 18 estimating productivity outcomes without considering the underlying processes of industry 19 change limits the scope of economic impacts. 20
In an attempt to capture a broad set of economic consequences of market access changes, we 21 calculate the relationship of economic activity to variation in worker skills and accessibility The three equations shown above were treated as a system. Therefore, while industry 1 employment is only a function of control variables and agglomeration measures, industry output 2 is a function of industry employment, and industry exports are a function of industry output. The 3 latter two equations each contain a variable that is endogenous to the system, which must be 4 controlled for in estimation. 5
The first of the three equations was estimated with ordinary least squares (as it has no 6 endogenous variables). The second and third equations were each estimated using two-stage 7 least-squares (2SLS) with the agglomeration measures as instrumental variables. This 8 specification was chosen to account for the endogeneity of the first right-hand-side variable in 9 each. The 2SLS process estimates the influence of the instruments on the left-hand-side variable 10 through the endogenous variables, simultaneously estimating industry employment and output 11 (i.e., labor productivity). This process ensures that productivity estimates have accounted for 12 simultaneous shifts in employment mix. 13 Estimation proceeded by separating industries into two separate groups: those producing 14 physical commodities, and those producing only services. This distinction is important because 15 access to markets through certain modes (such as rail and marine) should have limited direct 16 effect on service producing sectors. The equations shown above were estimated for each 17 commodity-producing sector (NAICS "111" through NAICS "511"). For the remainder of the 18 sectors, RailTime and SeaTime were omitted from each equation. Estimation was performed 19 separately for each equation and industry sector, producing 162 total runs. 20 21
Results.
22
Each of the 162 equations was significant with at least 99% confidence (although not all 23 agglomeration variables were significant in each). The explanatory power of these regressions, 24 which incorporate access and connectivity metrics as explanatory variables, is demonstrated in 25 Table 2 . It shows that this specification accounts for a relatively large share of the county-to-26 county variance in industry employment concentration for trade and service industries (with R 2 27 typically in the 50% to 85% range) but a substantially smaller share for manufacturing and 28 resource sectors of the economy (with R 2 typically in the 20% to 55% range). However, the 29 model specification accounts for a substantially greater share of the variance in concentrations 30 among manufacturing industries, when measured in terms of output or exports (with R 2 typically 31 in the 65% to 95% range). The higher R 2 values for the second and third equation are partially 32 due to the two-stage least-squares approach. For these equations, the R 2 value is also shown for 33 the first stage, thereby demonstrating the underlying relationship between agglomeration on the 34 endogenous variable before the full system is estimated. 35 36 37 38 The regression coefficient values can be transformed into elasticities that reflect the 25 effects of labor market scale (agglomeration) on labor productivity by industry. They indicate an 26 elasticity of productivity with respect to changes in labor market scale that typically ranges from 27 0.01 to 0.04 for manufacturing industries, and 0.05 to 0.10 for professional service industries. 28
These results are generally in line with prior research (10, 11 The research reported in this paper shows that there are multiple dimensions of market 4 access and connectivity that can be measured, and they occur at the differing scales of urban 5 labor markets, broader same-day truck delivery markets and access to intermodal terminals. The 6 research findings show that there are systematic differences around the US in the economic 7 composition of local areas and in productivity levels within industries, and both appear to be 8 related to differences in these various dimension of access. These results can have important 9
implications for estimating the wider economic benefits of transportation investment, for they 10 suggest the need to consider both industry detail and several different dimensions of accessibility 11 (or connectivity) in order to accurately calculate the productivity impact of specific project 12 proposals. 13
These multiple dimensions of access, and their relationship to business patterns and 14 productivity, can be relevant factors to consider in both economic impact analysis (EIA) and 15 benefit-cost analysis (BCA) for transportation projects. Based on the results of this analysis 16 study, the TREDIS economic analysis software suite has incorporated these types of business 17 pattern impacts (employment concentration and export portion) into its EIA calculations, and it 18 has incorporated the productivity impacts into its BCA modules for US and Canadian studies. 19 That system has been applied to calculate effects of expanding same day delivery market effects 20 for proposed rail and air freight terminal expansions in Georgia and British Columbia, and labor 21 market enhancement effects of proposed rail transit and regional rail lines in Ontario and 22
Massachusetts (8, 9). 23 24
Need for More Research 25
Methods for measuring market access and connectivity, as well as their economic 26 impacts, are in their infancy. More research is particularly needed in the following five areas: 27 (a) Defining "markets" -There are other dimensions of market access enabled by 28 transportation infrastructure that have not been addressed in this paper, such as visitor attraction 29 (tourism and convention business) markets, and regional (multi-city) supply chain and 30 technology cluster markets. And besides enabling agglomeration economies such as production 31 scale economies and knowledge spillovers, there may be other situations where highways can 32 enable "dispersion economies" (such as the southern automotive manufacturing corridors in the 33 US). Further research is needed to more systematically classify all of the various forms of market 34 access and connectivity and their effects on business growth and productivity. 35 (b) Measuring "effective density" -There is general agreement that expanding market 36 access can be thought of as an expansion of the "effective density" of an area. However, there 37 are limitations associated with all known methods for measuring market access, including the 38 defined boundary approach used in this study as well as alternatives incorporating predefined 39 weights to discount the importance of zones that are more distant (or involve greater travel time) 40 from a given study area. g. Research to date also indicates that there are systematic differences 41 in breadth of commuting for different types of jobs and in delivery areas for different types of 42 freight, but more work is needed to observe these patterns and examine alternative ways to 43 reflect them when measuring transportation effects on market scale. 44 (c) Measuring "intermodal connectivity" -The measures of access intermodal terminals 45 that were used in this research include average access time to the closest applicable type of 46 terminal, and when available, a measure of the activity level occurring at that terminal. 1 However, improved measures could reflect the breadth of spatial links enabled by various 2 intermodal terminals, as well as the value of having other nearby choices. 3 (d) Behavioral "threshold" effects -It is widely accepted in the business community that 4 the feasibility of locating and operating various types of business activity in a given area can be 5 dependent on the existence of labor and delivery markets large enough to enable matching of 6 supply and demand for specific worker skills and products. That leads to minimum market size 7 thresholds for some types of business activity to occur, with diminishing value to further 8 increasing scale. The logarithmic regression formulation used in this study was an attempt to 9 recognize that non-linear effect, but further research could more accurately measure and reflect 10 these threshold effects in transportation economic impact studies. 11 (e) Distinguishing scale of analysis -There is growing recognition that both 12 transportation and economic changes can be viewed differently from micro-, meso-and macro-13 economic perspectives. And it is clear that different market effects and economic changes occur 14 at these different scales. This study utilized data on county-level economic patterns, which is a 15 broader scale studies of US "tract" or UK "ward" zones within cities. More research is needed to 16 further sort out how different forms of access appear at these different spatial scales. 17
The overall conclusion, then, is that there is both statistical significance and practical uses of 18 this line of research, yet also substantial need and opportunity for further refinement of analytic 19 methods and their conclusions. 20 21 22
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